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Description

FIELD OF THE INVENTION:

[0001] The present invention relates to methods and
pharmaceutical compositions for treating vaso-occlusive
crisis.

BACKGROUND OF THE INVENTION:

[0002] Sickle cell disease (SCD) is the first genetic dis-
ease and a public health challenge in France. SCD was
designated public health priority by UNESCO in 2003,
the French Ministry of Health in 2004 and WHO in 2006.
Although a rare disease, the affliction is a worsening chal-
lenge for health and social services. A sharp increase in
patient numbers put sickle cell disease at the top position
of genetic diseases in French metropolitan areas, con-
cerning 5,000 to 6,000 patients up to 18 yo, with an es-
timated 20,000 patients by 2020. Carrier frequency
reaches 12% in French West Indies and rises in the USA
and developed countries. Demographic trends and the
systematic diagnosis at birth for ethnics at risk are partly
responsible for this sharp increase in cases to treat. SCD,
the most common genetic disease of our time, will soon
become a public health challenge in western countries
and France in particular.
[0003] SCD results from a point mutation (HbS) in the
hemoglobin gene, causing hemoglobin to polymerize,
mediating drastic and irreversible remodeling of red
blood cells (RBC). Here, sickle cell disease refers to the
homozygous HbSS phenotype.
[0004] In sickle cell disease and other hemolytic ane-
miae, RBC present many unique features including the
expression of cell surface phosphatidylserine and adhe-
sion receptors that are normally absent from the surface
of mature healthy RBC. The remodeled RBC can aggre-
gate and bind to each other, to other circulating cell types
or to the vascular wall. Multicellular aggregates of exces-
sive size fail to pass through small diameter vessels,
forming vaso-occlusive plugs that stop the blood flow,
particularly in capillaries and microvessels. Such vaso-
occlusions and interuptions of perfusion cause episodes
of ischemia in downstream tissues. Vaso-occlusions and
ichemic events participate in one of the most deleterious
manifestations of sickle cell disease, the vaso-occlusive
crisis (VOC), which often requires hospitalization to help
manage the extreme pain that it causes. But vaso-occlu-
sions also participate in recurrent ischemic tissue injury
on a chronic basis, resulting in progressive organ dam-
age and eventually multiple organ failure.
[0005] The primary research focus in sickle cell dis-
ease has been the biology of the erythrocyte for the past
decades, with the aim of blocking erythrocyte remodeling
in order to prevent erythrocyte rigidification and aggre-
gation, as well as VOC, intravascular hemolysis and ane-
mia as a matter of consequence. However, the mecha-
nisms that rule over the occurence of vaso-occlusions

remain little understood. The physiopathology of SCD
involves an intricate combination of circulating, inflam-
matory and cardiovascular factors that have only been
envisaged recently.
[0006] The mechanisms of erythrocyte aggregation
are little understood, even in healthy individuals. It is
thought that erythrocytes aggregate in post-capillary
venules, where a drop in shear stress occurs as the ves-
sel diameter augments, facilitating contacts between
erythrocytes. In health, discoid erythrocytes tend to come
into contact on their flat sides and remain bound to form
stacks. Il is believed that plasma fibrinogen participates
in this type of post-capillary aggregation. However, in
sickle cell disease, intravascular hemolysis and the break
down of fragile erythrocytes liberates ’free’ hemoglobin
and heme into the bloodstream, and erythrocyte mem-
brane fragments called microparticles (MP), which also
carry erythrocyte cell surface receptors and include some
of their contents.
[0007] There are virtually no specific drugs to treat or
prevent VOC. Primary care for VOC is hospitalization to
manage pain with powerful analgesics, combined with
rehydration and oxygenation. No specific drug exists to
prevent the occurrence or treat VOC. Long term hydroxy-
urea treatment, since 1995, is sometimes prescribed to
force the re-expression of fetal hemoglobin, in order to
reduce sickle cell formation and ultimately reduce hemo-
lysis. However, hydroxy-urea is only effective in about
40% of SCD patients, with presumptions of carcinogen-
esis and low fertility in the long term. The most severe
cases of VOC are eligible for blood transfusion, with the
associated exposure to viral infection and secondary he-
mochromatosis, and complications connected to trans-
plantation. Hence, the burden of SCD on health institu-
tions is bound to increase steeply worldwide. At this
stage, gene medicine remains unable to correct the HbS
mutations in adults. Advances in the prevention of RBC
hemolysis have stagnated since the discovery of hy-
droxy-urea. There is thus a clear need for novel treatment
strategies that will limit vaso-occlusions in order to ab-
breviate VOC, and also reduce the acute and chronic
manifestations of the disease.
[0008] Plasma DNA isolation and characterization
techniques have been discussed and refined [Jen, 2000 ;
Stroun, 2001 ; Rykova, 2012]. In 2007, a study has re-
ported the unexpected presence of an abnormal concen-
tration of cell-free DNA in patient plasma [Vasavda,
2007]. In sickle cell disease patients at steady state, cir-
culating cell-free DNA levels remained similar to those
of resting healthy volunteers. However, circulating DNA
augmented by up to 10 fold during CVO. Subsequently,
another group validated the observation of increzased
circulating DNA in the plasma of SCD patients, and par-
ticularly in CVO [Schimmel, 2013 Hematologica]. In ad-
dition, it was suggested that this DNA in SCD plasma
may come primarily from inflammatory neutrophils re-
leasing neutrophil extracellular traps (NETs). However,
no specific physiopathological role of circulating DNA has
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yet been put forward in relation to RBC aggregation, RBC
adhesion or vascular occlusions similar to those ob-
served in chronic hemolytic anemiae, and in sickle cell
disease in particular.

SUMMARY OF THE INVENTION:

[0009] The present invention relates to a method for
treating a vaso-occlusive crisis in a subject in need there-
of comprising administering the subject with a therapeu-
tically effective amount of agent capable of degrading,
destabilizing or depleting the blood-borne extracellular
DNA from the blood of the subject.

DETAILED DESCRIPTION OF THE INVENTION:

[0010] In SCD, there is an admitted connection be-
tween VOC and the emergence of circulating extracellu-
lar DNA. The physiopathological significance of this ob-
servation is entirely obscure. Here, the inventors have
demonstrated in vitro that extracellular DNA causes RBC
aggregation in blood from sickle cell disease patients,
but not in healthy volunteers. The inventors have dem-
onstrated that the blood of sickle cell disease patients
presents signs of increased RBC agregation during VOC.
The authors have demonstrated that addition of DNase
to such aggregated blood rapidly dissociates aggregates
and restore blood fluidity in vitro. The inventors have also
demonstrated a practical method to administer DNase
to obtain a rapid reperfusion of tissues subjected to vaso-
occlusions in an experimental murine model of vaso-oc-
clusions in mice with sickle cell disease. The invention
thus represents a novel technique to treat patients with
sickle cell disease, other major hemolytic syndromes, or
diseases otherwise associated with RBC aggregation.
The technique aims at dissolving RBC aggregates, al-
lowing blood flow and tissue reperfusion, thereby limiting
the duration of VOC and hospitalization as well as limiting
the complications associated with vascular injury and
ischemic episodes. The invention may also be useful as
a prophylactic approach to help prevent the occurrence
of RBC aggregation and vaso-occlusive crises. The in-
vention may also be combined with other current thera-
peutic strategies for VOC, including blood transfusion
programs and hydroxyurea.
[0011] Accordingly, the present invention also relates
to a method for treating a vaso-occlusive crises in a sub-
ject in need thereof comprising administering the subject
with a therapeutically effective amount of agent capable
of degrading, destabilizing or depleting the blood-borne
extracellular DNA from the blood of the subject.
[0012] In one embodiment, the subject suffers from
sickle cell disease. As used herein the term sickle cell
disease has its general meaning in the art and includes
homozygous sickle cell disease (hemoglobin SS dis-
ease), doubly heterozygous sickle hemoglobin C disease
(hemoglobin SC disease) and the sickle β-thalassemias.
[0013] The method of the present invention is particu-

larly suitable for improving tissue reperfusion with blood,
e.g. in Lung, kidney, heart, or brain tissue.
[0014] As used herein, the terms "treatment," "treat-
ing," and the like, refer to obtaining a desired pharmaco-
logic and/or physiologic effect. The effect may be pro-
phylactic in terms of completely or partially preventing a
disease or symptom thereof and/or may be therapeutic
in terms of a partial or complete cure for a disease and/or
adverse effect attributable to the disease. "Treatment,"
as used herein, covers any treatment of a disease in a
mammal, particularly in a human, and can include: (a)
preventing the disease or a symptom of a disease from
occurring in a subject which may be predisposed to the
disease but has not yet been diagnosed as having it (e.g.,
including diseases that may be associated with or caused
by a primary disease); (b) inhibiting the disease or con-
dition, i.e., arresting its development; and (c) relieving
the disease, i.e., causing regression of the disease. In
one embodiment, the treatment is a prophylactic treat-
ment. The terms "prophylaxis" or "prophylactic use" and
"prophylactic treatment" as used herein, refer to any med-
ical or public health procedure whose purpose is to pre-
vent a disease. As used herein, the terms "prevent", "pre-
vention" and "preventing" refer to the reduction in the risk
of acquiring or developing a given condition, or the re-
duction or inhibition of the recurrence or said condition
in a subject who is not ill, but who has been or may be
near a subject with the disease.
[0015] In some embodiments, the agent is an enzyme,
e.g. an enzyme which cleaves and/or degrades circulat-
ing DNA in the blood stream of the subject.
[0016] In some embodiments, the agent is selected
from the group consisting of DNase, antibodies (i.e. an-
tibodies to histones or to a particular histone), and histone
degrading enzymes (i.e. mast cell proteinase 1 (Gene
ID: 1215)).
[0017] In some embodiments, the agent is a DNA-hy-
drolysing antibody such as described in Kozyr AV, Ga-
bibov AG. DNA-hydrolyzing Ab: is catalytic activity a clue
for physiological significance? Autoimmunity. 2009
May;42(4):359-61.
[0018] In some embodiments, the agent is a DNase.
The term "DNase" has its general meaning in the art and
refers to and includes all enzymes having a phosphodi-
esterase activity and the ability to hydrolyse DNA.
[0019] Any suitable DNase may be used in the present
invention. The DNase will most preferably be a DNase I
(EC 3.1.21.1). It may, however, in some embodiments
be a DNase II (EC 3.1.21.1). DNases occur in a number
of species and any DNase capable of cleaving DNA may
be used in the invention. The DNase may be from an
animal source such as of bovine or porcine origin. It may
be of plant, fungal, or microbial origin. However, typically
and most preferably the DNase is of human origin and
is preferably a recombinant human DNase. Commercial-
ly available DNase preparations such as Dornase™ and
Pulmozyme™ may be used in embodiments of the in-
vention.
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[0020] In some embodiments, the DNase has DNA hy-
drolytic activity, for example in the case of DNase I it may
hydrolyse DNA to give 5’-phosphate nucleotides and in
the case of DNase II it may hydrolyse DNA to give 3’
phosphate nucleotides. A fluorescence-based assay us-
ing, for example, Hoechst Stain may be used such as
that which was detected in Labarce & Paiden, 1980, Anal.
Biochem., 102:344-352 to assay for DNA hydrolysis. Hy-
drolytic activity may be assessed in a variety of ways
known in the art including analytical polyacrylamide and
agarose gel electrophoresis, hyperchromicity assay (Ku-
nitz, J. Gen. Physiol. 33:349-362 (1950); Kunitz, J. Gen.
Physiol. 33:363-377 (1950)) or methyl green assay (Kur-
nick, Arch. Biochem. 29:41-53 (1950); Sinicropi, et al.,
Anal. Biochem. 222:351-358 (1994)). The breakdown of
DNA molecules from high to lower molecular weight
forms may be monitored preferably by techniques such
as agarose gel electrophoresis. Control experiments in
the absence of the enzyme and/or in the presence of a
protein known to possess DNase activity may be per-
formed.
[0021] DNases are known to be prone to deamidation.
Asparagine residues and in particular the asparagine at
amino acid positions 7 and 74 of the mature human
DNase I are prone to deamidation. This process converts
the asparagine residues in question to aspartic acid or
iso-aspartate residues. Deamidation reduces the activity
of the enzyme and this is particularly the case for deam-
idation at the asparagine at amino acid position 74 of
mature human DNase I. Techniques are available for re-
moving deamidated forms of the enzymes to leave the
amidated forms and these may be employed to prepare
DNases for use in the invention. These techniques may
include tentacle cation exchange (TCX) or affinity purifi-
cation using DNA to purify the amidated forms of the en-
zyme which are still capable of binding DNA. A DNase
preparation for use in the invention may typically com-
prise from 85 to 100%, preferably from 90 to 100%), more
preferably from 95 to 100% and even more preferably
from 99 to 100%) amidated, or partially amidated, en-
zyme by weight. In particular these figures refer to the
amount of wholly amidated enzyme i.e. with all of the
residues which are naturally amidated being amidated.
They will typically have more than 95%>, preferably more
than 99%> and even more preferably more than 99.9%
of the DNase in an amidated form. In particular, these
values refer to values at the time of production or to their
values from one month to a year, preferably from two to
six months and more preferably from three to four months
after production. They may refer to the value during any
point of the shelf-life of the product.
[0022] Variants of naturally occurring or known DNas-
es may be used in the invention. Thus the term DNase
encompasses such variants. The term "variants" refers
to polypeptides which have the same essential character
or basic biological functionality as DNase. The essential
character of a DNase is phosphodiesterase activity and
the ability to hydrolyse DNA. Assays for measuring DNA

cleavage are described herein and these may be used
to determine whether a variant has hydrolytic activity.
[0023] The sequence of the DNase may be modified
so that it has extended half-life. For example the se-
quence of the enzyme may be changed to remove rec-
ognition sequences for certain proteases and in particular
those derived from inflammatory cells.
[0024] The DNase employed in the invention may also
be chemically modified to alter its properties such as, for
example, its biological half-life. To achieve this covalent
modifications may be introduced by reacting targeted
amino acid residues of the native or variant DNase with
an organic derivatising agent that is capable of reacting
with selected amino acid side-chains or N- or C-terminal
residues. Suitable derivatising agents and methods are
well known in the art. Residues which in particular may
be derivatised include cysteinyl residues (most common-
ly by reaction with α-haloacetates), histidyl residues (by
reaction with diethylpyrocarbonate at pH 5.5-7.0), lysinyl
and amino terminal residues (by reaction with succinic
or other carboxylic acid anhydrides), arginyl residues (by
reaction with reagents such as phenylglyoxal, 2,3-bu-
tanedione, 1,2-cyclohexanedione, and ninhydrin). Car-
boxyl side groups (aspartyl or glutamyl) may be selec-
tively modified by reaction with carbodiimides or may be
converted to asparaginyl and glutaminyl residues by re-
action with ammonium ions. The covalent attachment of
agents such as polyethylene glycol (PEG) or human se-
rum albumin to the DNases may reduce their immuno-
genicity and/or toxicity of the variant and/or prolong its
half-life and hence may be used in the invention. In some
embodiments of the invention the DNase may be directly
conjugated to the glycosaminoglycan or joined through
an intermediate molecule.
[0025] In some embodiments, the agent is a molecule
that interferes with the ability of deoxyribonucleic acid
molecule to bind to receptors at the red blood cell sur-
faces. These molecules may be molecules that bind and
block the receptors or molecules that bind and block de-
oxyribonucleic acid molecules. Molecules that block the
receptor may be of low molecular weight, for example
deoxyribonucleotides dimmers, phosphodeoxyribosyl
pyrophosphate (PdRPP), deoxyribonucleotides or metal
ion or high molecular weight such as peptides, polypep-
tides, proteins, antibodies or glycoproteins. Molecules
that bind and block deoxyribonucleic acid molecules may
be peptides, polypeptides, proteins, DNA binding pro-
teins, nuclear proteins (as histons, protamines) or anti-
bodies.
[0026] By a "therapeutically effective amount" of the
agent is meant a sufficient amount of the agent to treat
vaso-occlusive crisis in the subject. It will be understood,
however, that the total daily usage of the agent is decided
by the attending physician within the scope of sound med-
ical judgment. The specific therapeutically effective dose
level for any particular subject will depend upon a variety
of factors including the disorder being treated and the
severity of the disorder; activity of the specific compound
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employed; the specific composition employed, the age,
body weight, general health, sex and diet of the subject;
the time of administration, route of administration, and
rate of excretion of the specific compound employed; the
duration of the treatment; drugs used in combination or
coincidential with the specific agent; and like factors well
known in the medical arts. For example, it is well within
the skill of the art to start doses of the compound at levels
lower than those required to achieve the desired thera-
peutic effect and to gradually increase the dosage until
the desired effect is achieved. However, the daily dosage
of the agent may be varied over a wide range from 0.01
to 1,000 mg per adult per day. Preferably, the composi-
tions contain 0.01, 0.05, 0.1, 0.5, 1.0, 2.5, 5.0, 10.0, 15.0,
25.0, 50.0, 100, 250 and 500 mg of the agent for the
symptomatic adjustment of the dosage to the subject to
be treated. A medicament typically contains from about
0.01 mg to about 500 mg of the active ingredient, pref-
erably from 1 mg to about 100 mg of the active ingredient.
An effective amount of the drug is ordinarily supplied at
a dosage level from 0.0002 mg/kg to about 20 mg/kg of
body weight per day, especially from about 0.001 mg/kg
to 7 mg/kg of body weight per day.
[0027] The agent may be combined with pharmaceu-
tically acceptable excipients, and optionally sustained-
release matrices, such as biodegradable polymers, to
form therapeutic compositions.
[0028] "Pharmaceutically" or "pharmaceutically ac-
ceptable" refers to molecular entities and compositions
that do not produce an adverse, allergic or other untoward
reaction when administered to a mammal, especially a
human, as appropriate. A pharmaceutically acceptable
carrier or excipient refers to a non-toxic solid, semi-solid
or liquid filler, diluent, encapsulating material or formula-
tion auxiliary of any type.
[0029] In the pharmaceutical compositions of the
present invention for oral, sublingual, subcutaneous, in-
tramuscular, intravenous, transdermal, local or rectal ad-
ministration, the active principle, alone or in combination
with another active principle, can be administered in a
unit administration form, as a mixture with conventional
pharmaceutical supports, to animals and human beings.
Suitable unit administration forms comprise oral-route
forms such as tablets, gel capsules, powders, granules
and oral suspensions or solutions, sublingual and buccal
administration forms, aerosols, implants, subcutaneous,
transdermal, topical, intraperitoneal, intramuscular, in-
travenous, subdermal, transdermal, intrathecal and in-
tranasal administration forms and rectal administration
forms.
[0030] Preferably, the pharmaceutical compositions
contain vehicles which are pharmaceutically acceptable
for a formulation capable of being injected. These may
be in particular isotonic, sterile, saline solutions (mono-
sodium or disodium phosphate, sodium, potassium, cal-
cium or magnesium chloride and the like or mixtures of
such salts), or dry, especially freeze-dried compositions
which upon addition, depending on the case, of sterilized

water or physiological saline, permit the constitution of
injectable solutions.
[0031] The pharmaceutical forms suitable for injecta-
ble use include sterile aqueous solutions or dispersions;
formulations including sesame oil, peanut oil or aqueous
propylene glycol ; and sterile powders for the extempo-
raneous preparation of sterile injectable solutions or dis-
persions. In all cases, the form must be sterile and must
be fluid to the extent that easy syringability exists. It must
be stable under the conditions of manufacture and stor-
age and must be preserved against the contaminating
action of microorganisms, such as bacteria and fungi.
[0032] Solutions comprising compounds of the inven-
tion as free base or pharmacologically acceptable salts
can be prepared in water suitably mixed with a surfactant,
such as hydroxypropylcellulose. Dispersions can also be
prepared in glycerol, liquid polyethylene glycols, and mix-
tures thereof and in oils. Under ordinary conditions of
storage and use, these preparations contain a preserv-
ative to prevent the growth of microorganisms.
[0033] The agent can be formulated into a composition
in a neutral or salt form. Pharmaceutically acceptable
salts include the acid addition salts (formed with the free
amino groups of the protein) and which are formed with
inorganic acids such as, for example, hydrochloric or
phosphoric acids, or such organic acids as acetic, oxalic,
tartaric, mandelic, and the like. Salts formed with the free
carboxyl groups can also be derived from inorganic bas-
es such as, for example, sodium, potassium, ammonium,
calcium, or ferric hydroxides, and such organic bases as
isopropylamine, trimethylamine, histidine, procaine and
the like.
[0034] The carrier can also be a solvent or dispersion
medium containing, for example, water, ethanol, polyol
(for example, glycerol, propylene glycol, and liquid poly-
ethylene glycol, and the like), suitable mixtures thereof,
and vegetables oils. The proper fluidity can be main-
tained, for example, by the use of a coating, such as
lecithin, by the maintenance of the required particle size
in the case of dispersion and by the use of surfactants.
The prevention of the action of microorganisms can be
brought about by various antibacterial and antifungic
agents, for example, parabens, chlorobutanol, phenol,
sorbic acid, thimerosal, and the like. In many cases, it
will be preferable to include isotonic agents, for example,
sugars or sodium chloride. Prolonged absorption of the
injectable compositions can be brought about by the use
in the compositions of agents delaying absorption, for
example, aluminium monostearate and gelatin.
[0035] Sterile injectable solutions are prepared by in-
corporating the active polypeptides in the required
amount in the appropriate solvent with various of the oth-
er ingredients enumerated above, as required, followed
by filtered sterilization. Generally, dispersions are pre-
pared by incorporating the various sterilized active ingre-
dients into a sterile vehicle which contains the basic dis-
persion medium and the required other ingredients from
those enumerated above. In the case of sterile powders
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for the preparation of sterile injectable solutions, the pre-
ferred methods of preparation are vacuum-drying and
freeze-drying techniques which yield a powder of the ac-
tive ingredient plus any additional desired ingredient from
a previously sterile-filtered solution thereof.
[0036] Upon formulation, solutions will be adminis-
tered in a manner compatible with the dosage formulation
and in such amount as is therapeutically effective. The
formulations are easily administered in a variety of dos-
age forms, such as the type of injectable solutions de-
scribed above, but drug release capsules and the like
can also be employed.
[0037] For parenteral administration in an aqueous so-
lution, for example, the solution should be suitably buff-
ered if necessary and the liquid diluent first rendered iso-
tonic with sufficient saline or glucose. These particular
aqueous solutions are especially suitable for intrave-
nous, intramuscular, subcutaneous and intraperitoneal
administration. In this connection, sterile aqueous media
which can be employed will be known to those of skill in
the art in light of the present disclosure. For example,
one dosage could be dissolved in 1 ml of isotonic NaCl
solution and either added to 1000 ml of hypodermoclysis
fluid or injected at the proposed site of infusion. Some
variation in dosage will necessarily occur depending on
the condition of the subject being treated. The person
responsible for administration will, in any event, deter-
mine the appropriate dose for the individual subject.
[0038] The agent may be formulated within a thera-
peutic mixture to comprise about 0.0001 to 1.0 milli-
grams, or about 0.001 to 0.1 milligrams, or about 0.1 to
1.0 or even about 10 milligrams per dose or so. Multiple
doses can also be administered.
[0039] In addition to the compounds of the invention
formulated for parenteral administration, such as intra-
venous or intramuscular injection, other pharmaceutical-
ly acceptable forms include, e.g. tablets or other solids
for oral administration; liposomal formulations ; time re-
lease capsules ; and any other form currently used.
[0040] The invention will be further illustrated by the
following figures and examples. However, these exam-
ples and figures should not be interpreted in any way as
limiting the scope of the present invention.

FIGURES:

[0041]

Figure 1: Erythrocytes adhesion to NETs.
Figure 2: DNA-mediated RBC aggregation.
Figure 3: DNase-1 on MP-induced vaso-occlu-
sive events

EXAMPLE:

Material & methods:

[0042] Animals: We used 10-14 week old males of

C57bl6J background unless otherwise indicated. We
bred male SAD transgenic mice obtained from Dr Beu-
zard (9) and carrying a human hemoglobin β chain trans-
gene with 3 mutations (βS β6Val, βS-Antilles β23Ile and
D-Punjab β121Glu). Genotype was confirmed through
electrophoretic characterization of blood hemoglobins at
the hematology department of the Hôpital Européen
George Pompidou in Paris. Wild type (wt) animals were
control littermates from the above colonies, or procured
through Charles River, France. All procedures for study
animal care and euthanasia followed the European Com-
munity standards (authorization #00577). Protocols were
validated by the local Inserm ethics committee.
[0043] Vaso-occlusive crises in mice: We charac-
terized the induction of VOC in SAD transgenic mice (18,
19) according to our previously published method [Bon-
nin, 2008; Sabaa, 2008; Camus, 2012], in response to
the intravenous administration of purified MP derived
from RBC (50000 to 100000 MP/mouse) [Camus, 2012].
Briefly, mice were anesthetized with isoflurane and mon-
itored to prevent any cardiorespiratory depression. Mice
were shaved and placed in the decubitus position on a
heating blanket (38°C). We used a Vivid 7 echograph
(GE Medical Systems®, Horten, Norway) equipped with
a 12-MHz linear transducer (12L). The ultrasound probe
was placed on the left side of the abdomen for examina-
tion of renal arteries, or in left lateral decubitus for cardiac
output acquisition with transducer on the chest. Data
were transferred on-line to an EchoPAC ultrasound im-
age analysis workstation (GE Medical Systems®). Two-
Dimensional ultrasound imaging of the abdomen in left-
sided longitudinal B-mode allowed kidney width and
height measurements. Color-coded blood flow detection
by Doppler enabled renal arteries to be localized. A
pulsed Doppler spectrum was recorded and peak systo-
lic, end-diastolic and time-average mean BFV were
measured in the renal artery, with Doppler beam angle
correction. To calculate cardiac output, spatial flow pro-
files were analyzed in parasternal long-axis B-mode im-
ages of the pulmonary artery and BFV were measured
as above. The following formula was applied: CO =
[(Vmean .60). (π.(Dpa/2)2)], where CO is the cardiac out-
put in ml/minute, Vmean is the mean time-averaged BFV
in cm/s and Dpa is the pulmonary artery diameter in cm.
Kidney sizes and BFV were determined by the same in-
vestigator, as means of 5 to 8 measurements. Repeata-
bility for cardiac output measurements was verified. We
controlled and confirmed that kidney size was similar be-
tween SAD and wild type mice. After sacrifice, kidneys
were dissected, dehydrated, mounted in paraffin, sec-
tioned and stained by Masson trichrome. Vascular con-
gestion was observed by phase-contrast microscopy, as
large erythrocyte aggregates occluding kidney capillaries
and larger vessels. In some experiments, MP from SAD
mouse RBC (50000 to 500000 MP/mouse) were injected
in order to induce renal vaso-occlusions as previously
reported [Camus, 2012]. In some experiments, purified
DNase-1 was injected in the retro-orbital sinus at the in-
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dicated time (5 to 20 minutes) after the administration of
MP and after a drop in renal perfusion was monitored by
echo-Doppler. In this model, spontaneous renal reper-
fusion is thought to occur within 45 to 120 minutes after
MP administration. Here, we aimed to monitor acceler-
ated reperfusion of the kidneys after DNase administra-
tion.

Results:

[0044] SCD RBC adhere preferentially to NETs (neu-
trophil extracellular traps, made of externalized DNA ex-
tensions), rather than neutrophils with intact nuclei, and
little to neutrophils full of decondensed chromatin (Figure
1A). In contrast to SCD RBC, healthy RBC do not adhere
to heme-activated neutrophils. Furthermore, DNase-1
treatment of heme-activated neutrophils degrades the
externalized DNA, and triggers a concomittent reduction
of SCD RBC adhesion (Figure 1B).
[0045] In other experiments, DNA is pro-aggregant in
SCD and not in healthy individuals (Figure 2A and 2B).
DNA is pro-aggregant in SCD at steady state, not during
VOC (already maximal) (Figures 2A and 2B). This was
particularly evident as an increase in the force that binds
erythrocytes between each other (known as Gamma at
Disc minimum in Figure 2A). DNase-1 is anti-aggregant
in SCD (Figures 2A and 2B). DNA is pro-aggregant de-
spite treatment of the patients with hydroxyurea (HU)
(Figures 2C and 2D). DNase-1 is anti-aggregant in SCD
patient blood during VOC, even under HU (Figures 2C
and 2D). RBC microparticles (MP) induce vaso-occlusive
crises within 5 to 15 minutes (Figure 3). Subsequently,
DNase-1 administration accelerates kidney reperfusion,
compared to controls (Figure 3).
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Claims

1. A method for treating a vaso-occlusive crises in a
subject in need thereof comprising administering the
subject with a therapeutically effective amount of
agent capable of degrading, destabilizing or deplet-
ing the blood-borne extracellular DNA from the blood
of the subject.

2. The method of claim 1 wherein the subject suffers
from sickle cell disease.
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3. The method of claim 1 wherein the subject suffers
from homozygous sickle cell disease (hemoglobin
SS disease), doubly heterozygous sickle hemoglob-
in C disease (hemoglobin SC disease) or sickle β-
thalassemia.

4. The method of claim 1 for improving tissue reper-
fusion with blood in lung, kidney, heart, or brain tis-
sue.

5. The method of claim 1 wherein the agent is an en-
zyme which cleaves and/or degrades circulating
DNA in the blood stream of the subject.

6. The method of claim 1 wherein the agent is selected
from the group consisting of DNase, antibodies and
histone degrading enzymes.

7. The method of claim 6 wherein the DNase is a
DNase-I (EC 3.1.21.1) or a DNase-II (EC 3.1.21.1).

8. The method of claim 6 wherein the DNase is of hu-
man origin and is preferably a recombinant human
DNase.
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